Prosthetic joints loosening in absence of infection is the most common reason for revision surgery and is known as aseptic loosening. A significant role in the pathogenesis of implant failure undoubtedly played by the generation of wear debris, mainly from the load bearing joint surfaces, and the cellular reaction through the formation of tissue membrane around implants. This article analyzes histologic, immunohistochemical ad ultrastructural aspects of periprosthetic tissue membrane collected at time of surgical revision, paying attention on cell host response to different materials: metals, polyethylene and ceramics. Dimension of particles seems to be crucial in the activation of different cell population to wear debris.
In the last decades many implants were inserted in order to replace joint for arthritis or fractures. Materials used are divided in 3 groups: metals, polymers and ceramics. Biological reaction to implant materials is currently analyzed in term of cell reaction to wear debris. The aim of this study was to report the biological host response to different implant materials, focusing on histologic, immunohistochemical and ultrastructural aspects
MATERIALSAND METHODS
We analyzed 67 periprosthetic tissue membranes collected at time of Total hip replacement revision surgery between 1981 to 2005 at. Of them 23 were metal coupled, 18 were ceramic (12 alumina-polyethylene, and the remaining zirconia-polyethylene coupled), II were metal on metal coupled and the remaining were alumina to alumina coupled. The main cause of revision was aseptic loosening (65 cases), and in the remaining 2 cases was ceramic fracture (in the first alumina fracture and in the second zirconia one). Average age of patients was 73 (range from 57 to 82); 42 patients were females and the remaining males; the affected hip was right in 38 cases and left in 29.
Collected tissue membrane underwent histologic, immunohistochemical and ultrastructural analysis.
For histologic analysis tissue specimens collected from periprosthetic membranes at time of revision surgery were fixed in 10% formalin, decalcified in ethylendiamine tetracetate (EDTA) dehydrated and embedded in paraffin, sectioned and stained with hematoxylin-eosin and observed in transmitted and polarized light microscopy. Labelling study for immunohistochemistry was conducted using anti CD2 and anti CD3 antibodies. Wear debris dimension was measured using a dedicated software of image analysis For ultrastructural Scanning Electron Microscopic analysis samples were fixed in 2% glutaraldeyde, postfixed in osmium tetraoxide, an ascending alcohol series and dried using the critical point method. The specimens were sputtered with colloidal gold, stuck onto metal support with electroconductive silver paste and examined under a Phi1lips XL 20 scanning electron microscope.
RESULTS

Metals
In case of a large amount of metal particles released in the periprosthetic tissue membrane histologic analysis revealed the presence of mononuclear round cells phagocyting metal particles, immersed in a rich in vessels stroma. According to Mirra classification (I) the colour of these cells was related to the metal particles phagocytised number, ranging from pink to dark in colour. Many lymphatic vessels were seen in periprosthetic tissue membrane, containing metal particles. Sometimes necrobiosis, in which cells disappeared but collagen architecture was served, and necrosis, in which either cellular either fibres were destroyed, were seen.
Average dimension of metal particles was 1.13 urn.
Immunohistochemistry showed the prevalence of T lymphocyte in the tissue membranes, revealing that cell mediate immune response is induced by metal particles.
Polyethylene
In case of large amount of polyethylene particles released in the periprosthetic tissue membranes a synovial like membrane is usually seen, with a particular distribution of particles. In the centre of villi mono or oligonuclear containing small polyethylene particles (average diameter <10 urn) were observed, while in the periphery multinuclear giant cells surrounding bigger particles (>50 urn) were seen. Villi did not contain vessels and globally in case of large amount of polyethylene particles release strome was poor in vessels. Dimension of polyethylene particles ranged from 3 to 180 urn and it was no possible to calculate the average dimension. Particles shape was too irregular, fila, flakes, granules, etc.
Ceramics
In case of large amount of ceramic particles released into periprosthetic membranes due to wear or ceramic fracture, a synovial-like membrane, with a poor in vessels stroma was observed. Usually main cells present were mononuclear containing small ceramic fragments, while sometimes some giant cells surrounding bigger fragments or fragments outside cells were observed. Average dimension of ceramic particles was 2.25 urn. Ultrastructural SEM analysis combined with EDAX showed the presence of ceramic particles usually alone, less frequently appeared aggregated due to electrostatic interactions. EDAX confirmed the presence of impurity on the surface ofceramic particles, especially in prosthesis manufactured before 1981.
DISCUSSION
TISSUE RESPONSE TO METAL ON METAL WEAR DEBRIS
Histologic studies of tissues from periprosthetic tissue membranes collected in case of large amount of metal particles released showed, according to Willert a mild to moderate macrophage infiltration with metal debris in the macrophages (2) (3) . Mononuclear cells modified their colour depending on number of metal particles inside cells. Metal debris seemed not to stimulate a giant cell response to debris (3) . High entity of vascularization may explain the removal of metals from implant site towards the peripheral organs. Our immunohistochemical study confirmed the results obtained in case of metallosis around knee prostheses, in which T lymphocytes seemed to be involved in immunological host response to metals, showing that cell mediate immunity is present in case of metallosis (4) . The metal debris dissemination in other body tissues may cause problems like Iynphadenopathy, sinus histiocytosis, limph nodes necrosis and fibrosis (5) (6) ,increased risk for the development of tumours of the lymphatic and haematopoietic system (7-8-9 ) and hypersensitivity to the metal ions released (10) .
There is a still debate on the possible role of metal debris on osteolysis. Actually metals does not seem to be related to osteolysis (2) , probably due to absence of giant cells in the interface tissues (II). Moreover wear dimension seems to be crucial for cell activation, due to high reactivity of smaller particles (12) .
TISSUE RESPONSE TO UHMWPE WEAR DEBRIS
In cast; of Polyethylene particles a synovial like tissue membrane with multinuclear giant cells in a poor in vessels stroma is present at the interface between implant and bone (13) . There is an evidence that the presence of macrophages and giant cells in the tissue is related to the UHMWPE volume debris and they are correlated to the areas of osteolysis (14-15-16) . If the number of particles exceeds Ix10 10 per gram of tissue, there is a greater incidence of osteolysis (16) . The dimension of PE particles is critical for the cell host response, because of small diameter particles «lO/lm) are visible inside mononuclear cells, while bigger particles are surrounded by multinuclear giant cells (13 ) .
It is possible that mononuclear cells try to phagocyte and degrade these particles, will produce cytokines, inflammation mediators which stimulate the accumulation, proliferation and cells differentiation, but they will have no effect on the bio-inert UHMWPE, and a foreign-body granulomatous reaction will occur and macrophages will fuse together to form multi-nucleated giant cells to isolate the particles and shield the surrounding tissue.
There is a debate on the direct role of macrophages in bone resorption (so called a non osteoclastic bone resorption) or the indirect role through the cytokines and secretor products (ILl-3-6,TNFalfa,GM-CSF,M-CSF,SCF,PDGF, PGE2) action on the osteoblast and/or osteoclast (so called an osteoclastic bone resorption) (17) . Immunohistochemical and microscopy analyses of retrieved tissues have provided evidence for nonosteoclastic bone-resorption (16-18-19-20) . Histologic analyses showed tissues to contain macrophages, multinucleated giant cells on the bone surface and osteolytic mediators (21) . Macrophages and not osteoclasts have been shown to be the predominant cells near areas of osteolysis (16) (17) (18) (19) (20) .
(S2) 93 TISSUE RESPONSE TO CERAMIC-ON-CERAMIC WEAR DEBRIS
In case of large amount of ceramic particles usually collected in case of fracture or direct ceramic metal back contact, a synovial like tissue membrane with a poor in vessels stroma containing mononuclear cells and rarely giant cells may be observed. Previous in vitro and in vivo studies on Alumina and Zirconia showed the absence of in vitro cytotoxicity to ceramic particles (22) , in vivo reactions were studied in case of ceramic fractures (23) (24) . SEM analysis coupled with EDAX showed, in case of Alumina fracture, an high entity of impurity contents, typical of Alumina used before the modification of ISO 6474, on Alumina content. Since several Authors have reported that Zirconia can elicit radioactivity, this material has to be considered potentially carcinogenic (25) . Moreover Zirconia ceramics have been rapidly abandoned by Orthopaedic surgeons after some fracture cases, (26) (27) while they obtained high interest in dentistry due to better mechanical properties over Alumina. It has been recently shown that the introduction of Zirconia into the Alumina matrix exerts a positive effect of the mechanical properties of the material thus allowing the development of Alumina matrix composites suitable for biomedical applications containing Zirconia as a toughening phase (Zirconia Thoughened Alumina-ZTA) (28) (29) . In vivo biocompatibility of ZTA ceramics have been previously reported (30) . Thanks to its better mechanical properties when compared to Alumina and Zirconia, ZTA seems to be very promising as material for Orthopaedic and also dental applications.
CONCLUSIONS
On the basis of our study, we can conclude that different materials induce a different cell host response, but dimension of wear particles seems play an important role on cell activation, probably due to high reactivity of smaller part of implant materials.
